In a preliminary communication (Ghosh, 1959) it was reported that fresh and wet mycelium of Penicillium chrysogenum, as obtained from a rotary filter in a penicillin plant, could be well utilized as the sole source of nitrogen for penicillin production by the mold either in shaken flask or in aerated and agitated large fermentors. The waste mycelium did not need any pretreatment whatsoever and could be directly incorporated into the fermentation medium and sterilized as usual. The details of this investigation are presented here.
MATERIALS AND METHODS Strains of P. chrysogenum. Strains HA-3 and HA-3C (selections from Wisconsin 51-20), (selections from a Russian strain) were used.
Inoculum. Aqueous suspensions of 10 to 20 million spores obtained from an agar slant were used to inoculate 100 ml of seed medium in 500-ml flasks.
Seed medium. The medium contained, per L: sucrose, 20 g; corn steep liquor (50 per cent), 31.6 g; CaCO3, 3.2 g; NaNO3, 2.8 g; KH2PO4, 0.31 g; MgS4O7H20, 0.068 g; pH 5.5 before sterilization. In mycelial seed medium, 50 g of fresh mycelial mat were used in place of corn steep liquor. Ten milliliters of 48-hr seed were used for inoculating 100 ml of fermentation medium in 500-ml flasks.
Fermentation medium. (1) Control medium (per L): lactose, 40 g; corn steep liquor (50 per cent), 10 g; peanut meal, 30 g; CaCO3, 6 g; Na2SO4, 1.2 g; MgSO4. 7H20, 0.068 g; pH 6.6 to 6.8 before sterilization. Groundnut oil (1 ml) containing 3 per cent octadecanol was used as antifoam. Phenylacetic acid (1 g per L) was added in the medium as precursor unless otherwise indicated.
(2) Mycelial medium: fresh and wet mycelial mat (20 g per 100 ml of medium, unless otherwise mentioned) was used in place of corn steep liquor and peanut meal in the above medium.
Analytical procedures. Penicillin was estimated by a modified iodometric method of Alicino (1946) Calcutta, India. autoclave at 120 C for 30 min. Mycelial dry weight was determined by filtering under suction, washing once with 0.1 N HCI and twice with water, and finally drying overnight at 90 C.
RESULTS
Comparative penicillin yields in control and mycelial medium. Analysis of fresh mycelial mat as obtained from the rotary filter has shown it to have a crude protein content of about 44 per cent on a dry basis (Deshpande et al., 1958) . Total nitrogen in 20 g of the fresh mycelium (dry matter, 15 to 20 per cent) was nearly the same as provided by corn steep liquor and peanut meal in the control medium. Penicillin production with waste mycelium as nitrogen source was, therefore, studied by substituting corn steep liquor and peanut meal of the control with 20 parts wet mycelium per 100 ml of medium. Results of typical experiments using two different strains of P. chrysogenum and their mycelium are shown in table 1. There was no pretreatment of mycelium and it was sterilized along with the other constituents of the medium as usual. Although penicillin production in mycelial medium was somewhat slower in the beginning the maximal yield was, however, the same as in control medium. In mycelial medium pH was better controlled and autolysis of live mycelium was also delayed considerably. The dead mycelium, added as a media constituent, appeared to be completely digested during the first 48 hr of fermentation. Microscopic appearance of the new mold was the same as in the control medium.
Effect of pretreatment of mycelium. Fresh mycelium (20 g) was subjected to the following pretreatments before incorporation into the mycelial medium (100 ml): (a) autoclaving for 30 min at 15 lb pressure; (b) acid hydrolysis with 0.5 N H2SO4 for 30 min at 15 lb pressure in the autoclave; (c) alkaline hydrolysis with 0.5 N NaOH for 30 min at 15 lb pressure in the autoclave; (d) exposure to ammonia for 1 hr in a desiccator.
Penicillin productions with fresh and pretreated mycelium are shown in table 2. In this set of experiments the fermentation medium was prepared without Na2SO4 and MgSO4. It will be seen that no additional advantage was obtained by any of these pretreatments. Penicillin production was very poor with alkali hydrolyzed mycelium. Fresh and untreated mycelium was, therefore, used in all subsequent experiments. There (Buchner filter under suction) mycelium from the first batch of fermentation was used as the sole source of nitrogen per 100 ml of fermentation medium in the second batch, and so on. Maximal penicillin yields were compared with control fermentations in each recycling. It is evident that the mycelium could be recycled at least five times without any loss in titer. Further recycling appeared to make the newly formed mycelium nutritionally deficient as far as penicillin production was concerned. Nitrogen In mycelial medium lactose utilization was slower and pH was well controlled within a favorable range throughout the fermentation. Digestion of dead mycelium and regeneration of new mycelium nearly balanced each other so that the net mycelial dry weight increased very slowly during the penicillin production phase. Autolysis of new mycelium was also considerably delayed as compared to that in control fermenta-tion. In this experiment, penicillin yield was higher in mycelial medium than in control medium.
Penicillin production in a 500-gallon fermentor in mycelial medium. Table 6 shows the results of the first trial run in a 500-gallon, stirred and aerated, fermentor using the mycelial medium seeded with 10 per cent volume of seed inoculum grown in control seed medium. The fermentor was of a conventional design using motor-driven agitator and fitted with a circular, perforated air sparger at the bottom. The rate of aeration was 0.4 to 0.7 volume per volume per min. Due to the presence of dead mycelium in the medium, there was practically no foaming problem. Phenylacetamide (0.1 per cent) initially in the medium and 0.05 per cent phenylacetic acid (as sodium salt) at 72 hr were used as precursor. A penicillin titer of 2600 u per ml was obtained in 120 hr. This experiment was merely a scaling up of shake flask results. Under the optimal conditions of fermentation in an aerated and agitated fermentor a much higher titer might be expected.
DISCUSSION
During the very early studies on penicillin production, waste mycelium was found to have a growthstimulating property similar to that of corn steep liquor. Waste mycelium has been tested by a number of research workers. From personal conversations, the authors have learned that growth-stimulating activity similar to that of corn steep liquor was observed. However, prior to the author's preliminary report (Ghosh, 1959) , there is no publication regarding the use of this waste product as nitrogenous raw material for penicillin fermentation. In a large penicillin producing plant disposal of this waste product is often an industrial problem. The present investigation has shown the possibility of using this waste mycelium as an excellent nitrogenous raw material particularly in regions where good quality of corn steep liquor might be in short supply. Since the mycelium does not need any pretreatment and since the quantity of mycelium needed for a fermentation is about the same as is obtained in a normal fermentation batch, the handling and disposal of this raw material could be simplified by merely carrying the mycelial mat from a rotary filter on conveyer belts and adding it directly to media preparation tanks. It would be interesting to determine how many times the mycelium could be recycled in tank fermentations without sacrificing yield. Use of 15 to 20 parts of wet mycelium in fermentors did not give rise to any problem in sterilization, foam control, filtration, extraction, and crystallization. A number of fermentations in 5000-gallon production fermentors have also been very successfully carried out using about 5 parts of wet mycelium in full replacement of corn steep liquor in otherwise complete medium.
SUMMARY
Waste mycelium of Penicillium chrysogenum as obtained after filtration of penicillin fermentation broth has been shown to be well utilized as the sole source of nitrogen for penicillin production in shaken flasks as well as stirred and aerated fermentors. The fresh and wet mycelial mat did not need any pretreatment whatsoever and could be directly incorporated into the fermentation medium and sterilized as usual.
In shaken flask fermentations the mycelium could be recycled as many as five times without sacrificing penicillin titer.
Use of this industrial waste as nitrogenous raw material in penicillin fermentation is discussed.
